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inductive phase and the minimum leaf position was observed for Coleus frederici. The inductive phase always started 5 hr after the minimum leaf position. This evidence supports the theory that a circadian clock participates in the time measurement process of photoperiodic floral induction.
It is generally agreed that photoperiodism in both plants and animals is a phenomenon which involves a process of time measurement (see, for examle, 16, 23) . However, the mechanism of the time measurement process is still disputed. To explain photoperiodic induction of flowering in higher plants, the 2 principal theories that have been advanced are the hour glass and the coincidence theory. The first one advocates a process that is initiated at the beginning of each dark period, mainly considered to be a pigment conversion process (i.e., Phytochronme FR to Phytochrome R), which measures the lengtlh of time required to attain the critical day length (1, 16) .
The coinicidenice theory hypothesizes that a circadian rhythm is used by the organism as a time scale (2, 3, 6 ,. 10, 13, 19, 20, 21 (21) Recording of leaf movement was done as described before (9) .
Results
Flowering and Leaf Movemenzt Rhythmii, Unider Variouts Photoperiods. The purpose of the following experiments was to determine the critical daylength for floral induction of both C. frederici and C. blumei x C. frederici and in parallel to follow the pattern of their leaf movement rhythm under different davlengths. Kribben (15) reported that both species are short-day-plants with a critical day length of 12 to 13 hr. Since his experiments were done in the greenhouse under natural light conditions, I repeated them under controlled environmental conditions. Figure 1 indicates that the critical day length for C. frederici was above 12 hr and just below 13 hr; C. hyb. reacted similarly. C. frederici plants grown under a 13-hr photoperiod showed a very early stage in the formation of a reproductive apex, i.e., broad- All the light signals that inhibit flowering fall -after the minimum leaf position, so they do not affect the phase of the circadian rhythm; when light signals do shift the rhythm, they do not effect a photoperiodic response since the direction and the amount of phase shift is such that the inductive phase remains in the dark.
Conclusions and Discussion
The literature on plant photoperiodism has shown that flowering may follow a circadian pattern, and gives an indication that the control of flowering might depend on the circadian rhythm, but it does nlot show direct evidence for a correlation between the 2 phenomena. It is demonstrated here, for the first time, that the inductive phase of the short day plant C. frederici has a fixed phase relationship to the phase of the circadian rhythm of the plant. LTnder different photoperiods maximum inhibition of floral induction by light signals always started 5 hr after the minimum leaf position (but 10 hr from onset of darkness under 4 and 8-hr photoperiods and 8 hr under a 12-hr photoperiod). If an hour glass mechanism were operating here as the time measurement process, the inductive phase would be tinmed from the onset of darkness and would thus However, it should be noted that such a correlation has been shown in insect photoperiodism, mainly with Pectinophora gossypiella (18, 21) and bird photoperiodism (11, 17) . These results follow the main idea expressed before, namely that the position of the inductive phase relates to the phase of the overt circadian rhvthm.
The results shown in figures 4 to 6 also suggest that the duration of the inductive phase lengthens under increasing photoperiods. Considering these 2 effects of prolonged photoperiods on the inductive phase, i.e. delaying the phase and increasing its duration, one could predict that under a 13-hr photoperiod, part of the inductive phase will be already illuminated by the beginning of the miain photoperiod, and therefore inhibition of floral development takes place.
The Precision of the Clock. Although photoperiodic induction of flowering is considered to be an all-or-none phenomenon, the developmental rate of the reproductive stage appears to be a quantitative one (1) . Quantitative reduction in floral development was observed under photoperiods only slightly longer than the critical daylength as for example a 13-hr photoperiod in the case of Coleus plants (fig 1) , or as a result of experiments with light signals falling near the inductive phase (fig 4) . The idea generally proposed to explain this phenomenon was that, under such circumstances, less "florigen" is produced during each cycle (1).
Another explanation is suggested here, in which the precision of the biological clock is considered. 
